A tobacco manufacturing plant that uses boiler system is used as a case study in this research.
Introduction
Continuous improvement and achieving sustainable systems are the targets of many manufacturing plants. One of the ways that these can be achieved is by continuously looking back at the processes to ensure that the plant is running in optimum conditions. The tools that can be used to improve quality include the Total Quality Management (TQM), International Standardization Organization (ISO), Six Sigma, Taguchi method and so on. Six Sigma is defined by Linderman [1] as "an organized and systematic method for strategic process improvement and new product and service development that relies on statistical methods and the scientific method to make dramatic reductions in customer defined defect rates."
Boiler systems is used to generate steam for use in various processes or heating applications including central heating, boiler-based power generation, cooking, and sanitation. A fire-tube boiler is a type of boiler in which hot gases from a fire pass through one or more tubes running through a sealed container of water. The heat of the gases is transferred through the walls of the tubes by thermal conduction, heating the water and ultimately creating steam. The most pressing issue for boiler operation is that it must be fed with water of excellent quality in order to maintain highly efficient operation [2] .
The present case study was done on a tobacco manufacturing factory located in the Seremban, Negeri Sembilan. PMM is equipped with highly developed technology and control systems in tobacco processing, blending and make pack to produce the highest quality of cigarettes. The factory is supported by 2, 20 MW boilers in a 24-7 operation. The main function is to provide steam for both direct and indirect production purposes. The main objectives of this work are 1) To identify issues in feed water operation that effects the boiler condition by using the Six Sigma DMAIC method , and 2) To provide and implement the main recommendations in order to improve the feed water operations and verify the effectiveness of implementation
Background study
In the manufacturing industry today, it is essential to meet the demands of the market in order to stay competitive. In this matter, the factory operations are has to run in a sustainable manner to ensure that production in general runs smoothly. It is essential for companies to always pay attention to the sustainability of their routine processes as well. The ultimate goal of maintenance is to provide optimal reliability that meets the business needs of the company, where reliability is defined as "the probability or duration of failure-free performance under stated conditions." Although many organizations view maintenance as adding little value to the firm, when properly developed and managed, it preserves the company's assets to meet the need for reliability at an optimal cost. From a basic point of view there are two maintenance approaches. One approach is reactive and the other is proactive [3] .
In Philip Morris the boilers plays the role of an important supporting function for the steam production for the usage of 2 plants in the area, namely the primary processing and Cast Leaf plant. Any disruption in the production of steam may cause disruption to the production process. The feedwater system is the main source of corrosion products and other corrosive impurities. They flow into the fossil boiler, form deposit and enhance corrosion processes on the heat-transfer surfaces of the entire water/steam cycle [4] . The most important aspect of boiler feedwater preparation is its quality control. The purpose of good feedwater control is to prevent and/or reduce corrosion in boiler system and to minimize the transport of corrosion products and corrosive contaminants to the boiler.
According to Vidojkovica [5] around 60% of damages of power plant equipment occur due to deviation from the normal water chemistry.In addition, deposits cause a drastic reduction in heat transfer rates in equipment such as boilers, boiler tube failures caused by overheating, increased fuel consumption, and reduced efficiency of equipment Further research by Electric Power Research Institute study states that estimated cost caused by corrosion in the electric power industry, indicated that the total cost of corrosion damage involving deposition in the water/steam cycle amounts US$1.9 X 10 9 which is 40% of the total cost of corrosion in fossil power plants in the USA. In worst case scenario, the failure of the steam supply from boiler to the production plant will immediately lead to production interruption and may also lead to system destruction (e.g. : boiler explosion) due to high pressure [6] . For that reason, the quality of water has to be optimized for minimizing the content of contaminants to meet criteria of design and operation of the boiler.
Methodology
DMAIC methodology was planned and implemented in this work. In the define phase, a process mapping was created to understand the process flow. In order to gain more insight to both technical and operational issues, we conducted open ended interviews with the boilerman and the asset engineer to obtain feedback. In the measure phase, the author attempts to measure the performance by identifying all the problems which affects the quality of the boiler feedwater. In the Analyze phase, all of the problems and issues faced will be analyzed using the cause effect diagram to understand the root problem. As usual practice, this will be further divided into 4 categories which are method, material, manpower, measurement and management. In this section, the FMEA tools will be used to understand the severity of the issue and prioritize accordingly [7] . In the Improve phase the main issue that contributes to the quality of the system prioritized. This issue will be resolved by the brainstorming session and using benchmarking from previous studies. In the Control phase, raw data of the quality of the feedwater were collected to compare results with the Measure phase. Monitoring will be done for 6 months and the results are reported accordingly.
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Results & discussion
Using the DMAIC method, the author has investigated, analyzed, implemented and followed up with the issues involving the feedwater system. By using the Six Sigma method, the author has managed to prioritize the main issues and have highlighted potential issues in the future.
Define
In the Define phase, the author has provided a process mapping on the feedwater usage and travel in a boiler system. For the purpose of this study, the scope has been limited to 4 parameters only, namely the Iron content P-alkalinity, silica content and water hardness.
Measure
In the Measure phase, the author has used 1 year's data to plot it in control charts to understand the existing situation. In this phase, the parameter that does not comply with the acceptable quality standard is the Silica content followed by the Iron content and the water hardness. The parameter Palkalinity is within control.
Analyze & improve
In the Analyze phase, the brainstorming session was conducted with the boilerman, Asset Engineer and Plant Manager to understand the possible causes of low quality boiler water. The results indicate that there were 4 possible main causes: -Method, Machine, Material and Man. In the Improve phase, the issues are categorized under 3 levels based on the RPN number-High, Medium and Low Priority. Highest attention is provided to High and Medium Priority. Based on the list, further pretreatment of Silica is required followed by the next priority which is a human improvement and control initiatives. Subsequently proposals and recommendations are provided. The recommendations to install a pretreatment for silica have been implemented. The other recommendation which is further training to refresh the parameter measurements for the boilerman has been completed. The third suggestion of cross checking the data by the immediate supervisor is also being implemented.
Control
In the control phase, the following year's data is collected. It was found that there has been significant improvement for the silica content in water. All data indicates 100% compliance to ASME standards. As a comparison the data before the improvement initiative is compared to after improvement initiative. The corresponding data is tabulated in the Figure 2 as below. Figure 2 : Comparison before and after Improvement using the Six Sigma DMAIC process 1646
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Conclusion
DMAIC is a useful tool in analyzing and prioritizing problems that relates to performance of parameters in a plant. It was found that there was a significant performance improvement for the silica content in water-i.e. there were no incidences to noncompliance to the performance standard.
